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We evaluated the effects of extinction and negative reinforcement on the latency of response-
class members following requests made to a 15-year-old female with moderate mental retardation
and autism. A functional analysis showed that the class members (screams, aggression, and self-
injury) were escape maintained. Informal observations suggested that these topographies gen-
erally occurred in the sequence listed above and therefore may have been hierarchically related.
A therapist provided escape from demands contingent on a specific member of the class to
determine the effects on the latency of the members' occurrence. Results showed that the la-
tencies occurred in a predictable order. In addition, we expanded the response class to include
a vocal response that was functionally equivalent to other members. Findings are discussed
regarding the covariation and sequence of response-class members and treatment development.
DESCRIPTORS: response-class hierarchy, response covariation

A response class is defined by the common
consequences produced by each member of the
class (Catania, 1992). Response-class members
can be topographically similar, such as a rat's
bar presses (various locations or force), or to-
pographically dissimilar, such as self-injury and
aggression (Sprague & Horner, 1992). These
topographies have a common effect on the en-
vironment, but the probability of their occur-
rence may not be equal (Baer, 1982). For ex-
ample, the probabilities of aggression or self-
injury being the first member in the response
class to occur are different for each response.
Baer (1982) suggests that these topographies
may substitute for each other and, therefore,
may be hierarchically ordered. The hierarchical
ordering may be influenced by, but is not lim-
ited to, the following: (a) rate of reinforcement,
(b) immediacy of reinforcement, (c) response
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effort, and (d) probability of punishment (Baer,
1982; Mace, 1994).

Several studies have shown that changes in
the frequency of one topography can affect the
probability of other members of the response
class (e.g., Carr & Durand, 1985; Horner &
Day, 1991; Lalli, Browder, Mace, & Brown,
1993; Sprague & Horner, 1992). This inter-
dependency among response probabilities has
been called response covariation (Parrish, Catal-
do, Kolko, Neef, & Egel, 1986). When study-
ing response covariation, researchers frequently
have focused on reinforcement schedules. In the
above studies, the authors evaluated the effects
of extinction and functional equivalence train-
ing on response covariation (Carr & Durand,
1985; Horner & Day, 1991; Lalli et al., 1993;
Sprague & Horner, 1992). These authors con-
ducted pretreatment assessments and found the
subjects' problem behaviors to be escape main-
tained. Based on the assessment findings, the
authors taught the moderately to severely de-
layed subjects verbal responses that were func-
tionally equivalent to their problem behaviors.
Each study reported an inverse relationship be-
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tween the trained functionally equivalent re-
sponse and the other class members (i.e., prob-
lem behaviors) for each subject.
The studies cited above show that the prob-

ability of a response-class member can be al-
tered by an operation placed on another class
member. In the present study, we were inter-
ested in the covariation and the ordinal tem-
poral relationships between members of a re-
sponse class. The dependent variable of interest
was the time from a therapist's request to the
first occurrence of each response-class member
(i.e., latency). Through a functional analysis, we
identified a response class consisting of screams,
aggression, and self-injury that were escape
maintained. Informal observations suggested
that these behaviors generally occurred in the
above sequence. Therefore, we hypothesized
that the latency from a request to the first oc-
currence of each class member was hierarchi-
cally related. The purpose of the present study
was (a) to evaluate the effects of extinction and
negative reinforcement schedules on response
latencies and thus the hierarchical relationship
of the class members, and (b) to expand the
response class by teaching the subject a response
that was functionally equivalent to her problem
behaviors.

METHOD

Subject and Setting
Mary was 15 years old with diagnoses of

moderate mental retardation and autism. She
was admitted to a hospital inpatient unit for
treatment of severe behavior problems. Mary
was ambulatory, used adequate fine-motor
movement when manipulating leisure materials,
and interacted with others using one-word ut-
terances. She typically engaged in problem be-
havior during personal care routines, activities
of daily living (e.g., making her bed), and aca-
demic activities.

All sessions were conducted in a dormitory-
style room (4.5 m by 6.0 m) that served as
Mary's living quarters during her hospitaliza-

tion. The room was equipped with a full bath-
room, a sofa, a table, three to five chairs, and
two beds. A therapist and Mary were present
during sessions, and observers recorded data
from behind a one-way mirror.

Dependent Variables and Data Collection

Mary's target behaviors were (a) self-injurious
mouthing: insertion of any part of her hand into
her mouth; (b) aggression: slapping, punching,
or kicking others; (c) screams: vocalizations
above normal conversational volume; and (d)
appropriate vocalization: saying "no" in response
to a therapist's request to do an activity. Screams
were recorded with the first occurrence of the
vocalization and ended with the absence of the
vocalization for three consecutive seconds. Ob-
servers used a computerized recording proce-
dure (Repp, Harman, Felce, VanAcker, &
Karsh, 1989) for all topographies. The primary
dependent measure was response latency, de-
fined as the seconds from a request to the first
occurrence of each response. A zero latency was
scored if a topography did not occur during a
given trial.
A second observer independently collected

data during an average of 30% of the sessions
equally divided across all phases of the experi-
ment (range across phases, 26% to 39%). In-
terobserver agreement was determined using the
Reliable program (Repp et al., 1989) with a
window of ±2 s. Occurrence agreement aver-
aged 84% (range, 70% to 100%) and 81%
(range, 75% to 100%) for the onset and offset
of screams, 95% (range, 80% to 100%) for ag-
gression, 90% (range, 80% to 100%) for SIB,
and 89% (range, 70% to 100%) for appropriate
vocalizations. Procedural integrity was moni-
tored for the application of the independent
variable (i.e., negative reinforcement contingen-
cy). Correct use of the procedure was scored
when the therapist stopped instruction within
5 s of the specified response. Procedural integ-
rity was calculated by dividing the number of
agreements by the number of agreements plus
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disagreements and multiplying by 100%. Pro-
cedural integrity averaged 100%.

Experimental Designs and Conditions
A series of functional analysis conditions was

presented during 15-min sessions (Iwata, Dor-
sey, Slifer, Bauman, & Richman, 1982/1994).
The order of the conditions consisted of four
consecutive alone sessions followed by three
conditions presented in a multielement design.
Three to five sessions were conducted daily. We
used a multielement design to evaluate the ef-
fects of the extinction, negative reinforcement,
and functional equivalence training on the co-
variation among response-class members during
demand conditions. The evaluation consisted of
conditions in which the therapist sequentially
provided escape contingent on SIB, aggression,
and screams, then repeated this sequence, and
finally provided escape contingent on an appro-
priate vocalization.

Functional analysis. The functional analysis
was conducted as described by Iwata et al.
(1982/1994). Reinforcement contingencies in
the demand and attention conditions were pro-
vided for each occurrence of SIB and aggres-
sion; the therapist did not respond to screams.
In the demand condition, the therapist pre-
sented a request for Mary to make her bed once
every 30 s. The therapist responded to SIB and
aggression by turning away from Mary (for 30
s) and stating, "Okay, you do not have to make
the bed." Contingent on compliance with a re-
quest, the therapist provided descriptive praise
and the level of assistance necessary (i.e., least-
to-most prompt hierarchy). Although the ther-
apist was instructed to end the session if the
task was completed, task completion never oc-
curred. The demand condition was designed to
evaluate the effects of escape on the rates of SIB
and aggression. In the attention condition, the
therapist provided Mary with a requested item
and diverted his attention from her by reading
a magazine. The therapist responded to SIB and
aggression by providing disapproving com-
ments. The alone condition was designed to as-

sess the effects of low stimulation on SIB and
consisted of placing Mary in a room with a re-
quested item and no adult present. In the con-
trol condition, the therapist provided attention
for all appropriate interactions, allowed access
to requested items, and placed no demands on
Mary. The therapist did not respond to screams,
aggression, or SIB during this condition.

Escape contingent on SIB, aggression, or
screams. Procedures in this condition were sim-
ilar to those in the functional analysis demand
condition, with one exception. In sequential
conditions, we arranged the negative reinforce-
ment contingency first for SIB, then for ag-
gression, and then for screams. When one to-
pography was negatively reinforced, the remain-
ing two topographies were placed on extinction.

Escape contingent on appropriate vocalization.
Task instructions were presented as in the func-
tional analysis demand condition. Following the
initial instruction, the therapist stated, "Mary,
if you do not want to . . ., say 'No.' " The ther-
apist repeated the instruction and the prompt
at 30-s intervals until Mary said "no," at which
time he provided her with a 30-s break. The
therapist did not respond to screams, aggres-
sion, or SIB during this condition.

In the above escape conditions, our analyses
focused on the first occurrence of each class
member after a therapist's request. Therefore,
each request was considered as a trial for pur-
poses of data analysis. Sessions continued until
a stable pattern of responding to the specific
reinforcement contingency was obtained. Ses-
sion duration ranged from 8.5 min to 55.3 min.
Two sessions were conducted daily, with a min-
imum of 30 min between sessions.

RESULTS
Functional analysis. Occurrences of SIB av-

eraged 74 per hour (range, 24 to 192) in the
demand condition. SIB did not occur in the
attention or control conditions and occurred
only in the first of the alone sessions (Figure 1).
Aggression occurred exclusively in the demand
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Figure 1. Results of the functional analysis for the re-

sponse-class members. The top graph shows Mary's SIB,
the second graph shows her aggression, and the third
graph shows her screams across the various conditions.

condition (M = 250 per hour; range, 174 to

294). Screams occurred most frequently in the
demand condition (M = 78% of each session;
range, 55% to 100%), occurred infrequently in
the attention and control conditions, and did
not occur in the alone condition.

Escape contingent on SIB, aggression, or screams.

Data were analyzed in terms of the latencies (in
seconds) to the first occurrence of response to-

pographies after a request from the therapist. In
the escape-SIB condition (Figure 2), we predict-
ed that all three topographies might occur in the
sequence described above because escape was

contingent on the third response in the hierar-
chy. Results showed the sequence of response la-
tencies to be screams, aggression, and SIB in 14
of the 16 trials. In the two trials not conforming
to this pattern, screams and aggression occurred
simultaneously (Trials 5 and 14).

In the escape-aggression condition, we pre-

dicted that screams would occur first followed
by aggression and that SIB might not occur be-
cause escape was contingent on a response ear-

lier in the hierarchy. Data from this condition
showed that the predicted ordinal positions
(i.e., screams -4 aggression) were observed in
27 of the 35 trials (Figure 2). Of the eight trials
in which SIB occurred, seven of the eight oc-

currences were observed in Trials 1 through 9,
with the eighth occurrence in Trial 19. No SIB
occurred in the last 16 trials.

In the escape-screams condition, we predict-
ed that only screams would occur because To-
pographies 2 and 3 were unnecessary to pro-

duce escape. In this condition, screams alone
occurred during 19 of the 21 trials (aggression
occurred in Trials 3 and 8). No topography oth-
er than screams occurred after the eighth trial
(Figure 2).

In the second escape-SIB condition, the se-

quence of responses was screams, aggression,
and SIB in 14 of the 15 trials (Figure 3). Ag-
gression did not occur in Trial 4. In the second
escape-aggression condition, the order of re-

sponses was screams and aggression in 15 of the
16 trials (Figure 3). In Trial 7, screams, aggres-

sion, and SIB occurred in that order. The sec-

ond escape-screams condition resulted in
screams alone in all 16 trials (Figure 3).

Escape contingent on appropriate vocalization.
In this condition, we predicted that only the
appropriate vocalization would occur because
this response served the same function as

screams, aggression, and SIB. Results from this
condition showed that appropriate vocalization
was the only member to occur in 28 of the 36
trials (Figure 3). In Trials 2 and 5, appropriate
vocalizations occurred after Mary emitted other
topographies. Interestingly, in six trials Mary
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initially emitted the appropriate vocalization
but also engaged in SIB within 5 s to 30 s of
the appropriate vocalization.

DISCUSSION

A functional analysis of our subject's problem
behavior showed three distinct topographies
that were each functionally related to a com-

mon reinforcement contingency. By definition,
these behaviors (screams, aggression, and SIB)
constituted a response class (Skinner, 1969).
During the demand condition of the functional
analysis, it appeared that the behaviors often oc-

curred in a sequence beginning with screams,

escalating to aggression, and then to SIB. Such
a sequence suggested that the response latencies
were different for each topography and that
these latencies may have been hierarchically re-

lated. This hypothesis was tested in a subse-
quent analysis by applying the escape contin-
gency to only one topography at a time while
placing the other two responses on extinction.
When escape was applied to the last response

in the sequence (SIB), all three topographies
were generally observed in their hierarchical se-

quence. Applying the contingency to topogra-

phies earlier in the sequence resulted in the dis-
continuation of subsequent topographies in the
hierarchy. This procedure may provide a meth-
odology for empirically identifying and modi-
fying a response-class hierarchy. Our experi-
mental design, however, did not control for the
influence of order effects as a threat to the in-
ternal validity of the independent variable.
The results have implications for both theory

and clinical applications. At the level of theory,
the behaviors belonging to the present response

class can be conceptualized as concurrent op-

erants. That is, Mary was free to emit screams,

aggression, and SIB any time and in any se-

quence. As concurrent operants, we can assume

that their relative frequency was influenced by
the relative rate of reinforcement derived from
each topography (Herrnstein, 1970). This as-

sumption was supported when systematic ap-

plication of escape to only one topography,
while placing the other two on extinction, re-
sulted in marked changes in the occurrence of
the three target behaviors as the contingency
was shifted across behaviors.

Although the sequence of response latencies
observed could be due to a history of different
reinforcement frequencies for the behaviors,
other factors are also possible. For example, dif-
ferences in reinforcer quality or delays to rein-
forcement available for concurrent alternatives
have been shown to strongly affect response al-
location patterns (Neef, Mace, & Shade, 1993;
Neef, Mace, Shea, & Shade, 1992). However,
in the present study the quality and immediacy
of the consequences for the three behaviors re-
mained approximately constant throughout the
investigation (i.e., escape from demands oc-
curred within 5 s of the target response). An-
other plausible influence may have been a dif-
ference in the response effort or "cost" associ-
ated with the topographies. On logical grounds,
screaming appears to be less effortful than ag-
gression, which in turn may require less effort
or cost than self-injury. For example, Horner
and Day (1991) showed for 1 client that task
attempts and aggression were escape main-
tained. When several trials were required before
a break from tasks was allowed, aggression was
far more likely than task attempts. However, al-
lowing escape following a single task trial re-
versed the response probabilities for aggression
and task attempts. Thus, the relative effort or
efficiency of the two responses to produce es-
cape affected their relative response probabili-
ties. Another possible explanation for the ob-
served sequence may be the probability of pro-
ducing punishment by each topography. That
is, screams may have occurred first in the se-
quence because they were less likely to produce
punishment than aggression was. For example,
Sprague and Horner (1992) identified a re-
sponse class of tantrums (i.e., hitting others or
objects, head and body shaking, putting hands
to face, screaming) that was escape maintained.
When the authors blocked and reprimanded
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one topography (hitting others), they observed
a decrease in the frequency of the targeted to-
pography and an increase in the rates of other
response-class members. These findings showed
that preventing one topography (while repri-
manding attempts) resulted in an increase in the
rates of the remaining response-class members.
In the present study, we directly controlled only
the quality and immediacy of reinforcement;
therefore, any plausible explanation for the ob-
served sequence of topographies must be viewed
tentatively.
Our definition of response-class hierarchy is

conceptually distinct from Premacks formula-
tion of response hierarchy and from the defini-
tion of a response chain. Premack's reinforcement
theory indicates that, given an organism's un-
constrained opportunity to engage in different
behaviors, a hierarchy of relative frequencies or
times spent engaging in the behaviors will
emerge (Premack, 1959). These relative re-
sponse probabilities predict whether contingent
or restricted access to an activity in the hierar-
chy will function as a positive reinforcer or pun-
isher, respectively, for other behaviors in the hi-
erarchy. These reinforcement rules were later
modified by Allison and Timberlake (1974) to
account for the effects of response deprivation
on reinforcement relations among behaviors in
the hierarchy. A response hierarchy differs from
a response chain because in the hierarchy any
response can produce the specific reinforcer. By
contrast, in a response chain a response in the
initial link of the chain produces access to the
next schedule of reinforcement rather than the
specific reinforcer.

Although the concepts of response-class hi-
erarchy and response hierarchy both rank dif-
ferent topographies along some behavioral di-
mension, the bases for the hierarchies appear to
be different. One difference is that the behav-
iors that form a response hierarchy typically be-
long to different response classes. For example,
wheel running produces consequences that are
different from those produced by bottle licking
in rats. The basis for the hierarchical ordering

of behaviors may be according to the qualitative
differences in the consequences each behavior
produces. By contrast, behaviors belonging to a
response-class hierarchy share a common effect
on the environment. The hierarchical relation
among behaviors may be related to differences
in the response effort of each topography, the
rate or delay to reinforcement produced by each
behavior, or the probability of punishment pro-
duced by each response. Thus, response-class
hierarchies may be conceptualized as a distinct
type of concurrent operant.

Empirical identification of a response-class
hierarchy also has important clinical implica-
tions. First, escalation of episodes of problem
behavior is a commonly observed but seldom-
researched area. By escalation we mean that
comparatively minor topographies of problem
behavior are observed first and are later followed
by other topographies that are more disruptive
or destructive (Baer, 1982). The subject of the
present study showed a pattern of escalation
that began with screams and escalated to ag-
gression and finally to SIB. By knowing that
these three behaviors belong to the same re-
sponse class and that screaming is likely to es-
calate to aggression and SIB, interventions can
target early behaviors in the sequence to prevent
the occurrence of more serious problem behav-
iors. One intervention consists of shaping ap-
propriate responses that are functionally equiv-
alent to the problem behavior. We shaped the
appropriate vocal response during academic in-
structional periods using mass trials. Then, dur-
ing escape contingent on appropriate vocaliza-
tion, the therapist presented a prompt for the
vocalization immediately after the task-related
request. This procedure prevented the occur-
rence of aggression or SIB during 78% (28 of
36) of the trials. A possible explanation for the
occurrence of problem behavior in the other
eight trials may have been Mary's failure to dis-
criminate that the therapist discontinued the
task; she frequently walked away from the ther-
apist and, therefore, may not have been paying
attention to him when he stopped task-related
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instructions. An alternative to allowing a subject
to completely escape a task contingent on an
appropriate vocalization is to require some level
of task-related performance before escape is
available. For example, Lalli, Casey, and Kates
(1995) initially allowed subjects to escape from
a task contingent on saying "no" to a therapist's
request. Thereafter, escape was contingent on
the verbal response plus the specified task per-
formance (i.e., forward chaining). This proce-
dure decreased rates of problem behavior while
ensuring that the subjects continued to receive
instruction.

In conclusion, the present study represents a
preliminary attempt to define and empirically
identify a behavioral class whose members have
a hierarchy of response latencies. Response-class
hierarchies are conceptually distinct from Pre-
macks formulation of response hierarchy, and
they constitute a distinct type of concurrent op-
erant that has particular relevance for applied
work.
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